A two warehouse production inventory model is developed for deteriorating items under reliability consideration. The effect of trade credit is considered under inflation. Since, formulating a suitable inventory model is one of the major concerns for an industry, the main objective of this paper is to optimize the total related cost for reliable production process. The model is illustrated through numerical example. The sensitivity analyses of the cost function are performed due to different measures and some managerial inferences are presented.
Introduction
In classical economic production quantity model, it is assumed that the production set-up cost is fixed and all the items produced are of perfect quality. But, in reality all the items produced are not always perfect but directly affected by the reliability of the production process. The quality of the product can be improved by investment in the reliability of the production process. During the past few years, researchers have started focusing on this concept. Lin and Hou (2005) presented a model with improvement in process reliability, quality and reduction in set up time. Cheng (1989) developed economic production quantity model with flexibility and reliability consideration. Pal et al. (2007) focused on policy with variable demand under reliability consideration. Leung (2007) generalized geometric programming solution to economic production quantity model with flexibility and reliability consideration. Yadav et al. (2010) focused on production model under limited storage with flexibility and reliability consideration. Singhal (2013) developed volume flexible inventory system in Fuzzy environment. Panda and Maiti (2009) developed a multi-item inventory model with price dependent demand with flexibility and reliability consideration under fuzzy environment using geometric programming approach. In today's competitive environment, it is more common to see that retailer is allowed a fixed time period before they settle their account to the supplier. This period is also known as trade credit period. Before the end of the end of trade credit period the retailer can sell the goods and accumulate revenue and earn interest. A high interest is charged if the payment is not settled by the end of this period. Shah (2006) developed an inventory model for items deteriorating with time under permissible delay in period. Soni et al. (2006) presented an EOQ model under DCF approach for progressive payment scheme. Yang (2006) developed a two warehouse inventory model under conditionally delay in payment. He focused on warehouse problem considering partial backlogging. Singh and Saxena (2014) presented two-warehouse inventory model under trade credit in fuzzy environment.
The effect of inflation is observed in many countries; first, it has been introduced by Buzacot (1975) where economic order quantity model under inflation is presented. Several researchers extended the work of in different ways. Dey et al. (2008) developed two storage inventory models under inflation and time value of money. Singh et al. (2009) highlighted an integrated model with multivariable demand with credit period. Hadidi et al. (2011) focused on integrated cost model under perfect maintenance. Soni et al. (2006) illustrated optimal policies involving various service level constraints. Park (1983) presented integrated production model for deteriorating item. Yan and Cheng (1988) developed economic order quantity model under assumption of production stopping and restarting times. Maity and Maiti (2009) presented optimal inventory policies under different substitute item with deterioration. illustrated an EOQ model considering trapezoidal demand and trade credit. They presented economic order quantity model with variable demand rate under inflation. Tayal et al. (2014) developed a production inventory model under space restriction. Singh and Prasher (2014) presented production inventory model considering machine breakdown and stochastic repair time.
In this paper we have presented two warehouse production inventory models for deteriorating items with permissible delay in payment under inflation and reliability consideration. Demand rate is considered as an exponential function of time. Finally, some numerical examples for illustration are provided and sensitivity analysis is performed.
Assumptions and Notations

Assumptions
 Production rate is greater than demand rate. Also, it is linear combination of on-hand inventory and demand rate i.e.    
 Demand rate is exponentially an increasing function of time .i.e.  
Deterioration is taken as time dependent for owned warehouse, while, Wei-bull distribution for rented warehouse.  Planning Horizon is finite.  Model is considered for imperfect items and inflation is also taken in this model.  Shortages are not allowed.  Lead time is zero, and no replenishment or repair of deteriorated items is made during a given cycle.  A single item is considered over the prescribed period T units of time, which is subject to variable deterioration rate.  The owned warehouse (O.W) has a fixed capacity of W units, and the rented warehouse (R.W) has unlimited capacity.  The supplier provides the retailer a permissible delay of payments. During the trade credit period the account is not settled, the revenue is deposited in an interest bearing account. At the end of the permissible delay, the retailer pays off the items ordered, and starts to pay the interest charged on the items in stock.
 Total cost of interest and depreciation per production cycle is inversely related to the set up cost and directly related to process reliability i.e. f(Cs ,v) = c Cs
where c, e, f > 0 are constant real numbers chosen to provide the best fit of the estimated cost function. The process reliability level v means of all the items produced in a production run only v% are acceptable quality that can be used to meet demand.
Notations d
Imperfect production 
Inventory level in rented warehouse t1 ≤ t ≤ t2
Inventory level in rented warehouse t2≤t≤t3
Inventory level in owned warehouse t3
Inventory level in owned warehouse t1
Retailer's trade credit period offered by supplier in years s Unit selling price C Unit purchase cost Ie Interest which can be earned per $ per year IC Interest charges per $ in stocks per year by the supplier IDC Cost of interest and depreciation per production cycle TC1 (CS,v,T) Present worth of total cost per unit time, when M ≤ t3< T TC2 (CS,v,T) Present worth of total cost per unit time, when t3 < M ≤ T TC3 (CS,v,T) Present worth of total cost per unit time, when M > T
Mathematical model
The production starts at time t = 0, and items accumulate from 0 up to W units in owned warehouse. After time t1 any production quantity exceeding W will be stored in rented warehouse. After this production stopped and the inventory level in rented warehouse begins to decrease at t2 and will reach 0 units at t3 due to combined effect of demand and deterioration. The inventory level in owned warehouse comes to decrease at t1 and then falls below W at t2 & t3 due to deterioration. But, during [t3, T], the inventory is depleted due to both demand and deterioration. By the time to T, both warehouses are empty Fig. 1 shows the behavior of inventory system.
These are the differential equations showing the inventory with the variation in time.
With boundary conditions:
Fig. 1. Graphical representation of the two-warehouse inventory system
The solution of these above mentioned equations are given as follow:
R d t t dt t t t t d t t t I t b t t t t t t t
Based on the assumptions and description of the model, the total annual costs, TC, include the following elements:
The present worth ordering cost is given by CS
The present worth inventory holding cost in rented warehouse and owned warehouse are 
The present worth deterioration cost= Now,we will calculate interest paid and earned by the retailer, for this there are three cases:
In this case, the permissible delay period M expires before the total inventory depletion period T. Therefore, the present worth annual total relevant costs for the retailer can be expressed as TC(t3,CS,v,T) = Ordering Cost + Holding cost in Rented Warehouse + Holding cost in Owned Warehouse + Deteriorating cost + Depreciation Cost +Interest payable cost -Interest earned.
Therefore, retailer will have to pay interest charged on unsold items during (M, T).
In this case, M ≤ T the present worth of interest earned is
t t T rt rt rt C R O O M M t
IC cI I t e dt I t e dt I t e dt
Therefore, the total cost per unit time of the given inventory model as a function of t1, t2, t3, v, CS and T say TC (t1, t2, t3, v, CS, T) 
Eq. (20) denotes the cost function of the system in terms of t1, t2, t3, v, CS and T. To find out the optimal solution of this system we have to find out the optimal values of t1, t2, t3, CS, v and T. We have relation between these variables. 
Numerical Analysis
The above discussed inventory model is illustrated through the numerical example for which the input values are considered in proper units as follows: 0. 
There are three cases according to the permissible delay period as follows: 
Sensitivity Analysis
Corresponding to different associated parameters, a sensitivity analysis is carried out to check the stability of the model. The analysis has been done with the parameters M, α, β, μ, W taking one parameter at a time and other variables unchanged and is shown in Table 1, Table 2 and Table 3 . 
